Background: After the Department of Defense implemented a mandatory anthrax vaccination program in 1998 concerns were raised about potential long-term safety effects of the current anthrax vaccine. The CDC multicenter, randomized, double-blind, placebo-controlled Anthrax Vaccine Adsorbed (AVA) Human Clinical Trial to evaluate route change and dose reduction collected data on participants' quality of life. Our objective is to assess the association between receipt of AVA and changes in health-related quality of life, as measured by the SF-36 health survey (Medical Outcomes Trust, Boston, MA), over 42 months after vaccination.
Introduction
Since the introduction of the Department of Defense's (DoD) mandatory anthrax vaccination program in 1998 concerns have been raised by service personnel and others about potential long-term safety effects of the current anthrax vaccine. Licensed in 1970 to be administered at 0, 2, and 4 weeks and 6, 12, and 18 months, followed by annual boosters, Anthrax Vaccine Adsorbed (AVA, BioThrax ® , Emergent BioSolutions, Lansing, MI [1] ) is the only anthrax vaccine licensed in the U.S., and the only U.S. licensed aluminum-adjuvant vaccine administered subcutaneously. Despite evidence supporting the vaccine being reasonably safe [2] , concerns have been expressed regarding various adverse effects of AVA, including high rates of local adverse events [3, 4] , potential reproductive toxicity [5, 6] and nonspecific longer-term symptoms such as Gulf War and chronic fatigue syndromes [7, 8] .
In 1999 the U.S. Congress directed the Centers for Disease Control and Prevention (CDC) to evaluate the safety and efficacy of AVA. A critical component of the CDC's AVA Safety and Efficacy Research Program was a Human Clinical Trial to evaluate route change (subcutaneous to intramuscular) and dose reduction (reduced priming schedule of 0, 4 weeks and 6 months and a biannual/triannual booster). Following publication of the report of the interim analysis of the clinical trial [9] , the current ACIP recommendations and FDA licensed schedule for AVA excludes the original 2-week dose, and injections are administered intramuscularly. All trial participants at the time of enrollment consented to complete the SF-36v2 health survey (Medical Outcomes Trust, Boston, MA) as a selfmeasure of perceived physical and mental health.
Details of the clinical trial and the results of the interim analysis on data collected through the first four vaccine doses were previously published [9] . Participants (n = 1564) received a total of 8 doses of vaccine or saline placebo during 42 months. In the substudy to assess impact of AVA on health-related quality of life, our goal was to determine whether physical and mental functional status, as measured by the survey, changed differently over dose number between study groups receiving only AVA at each dose number, only saline placebo, or AVA at only some dose numbers and saline placebo at others.
Methods
The CDC AVA Human Clinical Trial was a randomized, double-blind, placebo-controlled Phase 4 study conducted from 2002 to 2005 with participants enrolled and followed at 5 major U.S. vaccine research centers: Baylor College of Medicine, Houston, TX; Emory University School of Medicine, Atlanta, GA; Mayo Clinic, Rochester, MN; University of Alabama at Birmingham; and the Walter Reed Army Institute of Research, Silver Springs, MD. Eligibility requirements included being 18-61 years of age, healthy, having 2 intact upper arms, indicating a willingness to participate, having no history of anthrax infection or immunization against anthrax, and if female, not being pregnant and not planning to be pregnant during the study period [9] . At each site, participants were randomly assigned to one of seven study groups based on receiving either AVA or saline placebo, route of injection (subcutaneous vs. intramuscular), and full/reduced AVA schedule (full = 0.5 mL doses at 0, 2, and 4 weeks, and 6, 12, 18, 30 and 42 months vs. reduced = substituting one or more placebo doses) ( Table 1 ).
The SF-36v2 health survey (Medical Outcomes Trust, Boston, MA) is a multipurpose, short form health survey with 36 questions. The answers to these questions form the basis for scoring overall physical and mental well-being, where both physical and mental scores range from 0 to 100 with an estimated national average of 50 points. The SF-36v2 health survey is a generic measurement tool that has been useful in comparing the relative burden of disease, differentiating the health benefits produced by a wide range of treatments, and screening individual patients [10] . It is suitable for repeated measures by self-administration, computerized administration, or administration by a trained interviewer in person or by telephone to persons aged 14 years and older. It can be administered in 5-10 min with a high degree of acceptability and data quality [11] . The instrument, its scales, and summary measures have high validity and reliability (e.g., the reliability of the physical component summary is 0.92 and of the mental component summary is 0.88). Quality of life data obtained using the SF-36v2 health survey in this study may then be compared to data from published studies of Gulf War veterans who received AVA [12] [13] [14] , and to data from DoDplanned studies of long-term health outcomes such as the Millennium Cohort Study.
Each study participant completed SF-36v2 health surveys at 0, 12, 18, 30 and 42 months, which correspond to doses 1, 5, 6, 7, and 8, respectively. At enrollment, each study participant self-identified his/her age, race, sex, and smoking status; and clinical staff collected their height and weight measurements. For analysis, each participant's age at baseline was categorized as <30, 30-39, 40-49, and ≥50 years of age. Race was categorized as black, white, and other. body mass index (BMI) was computed using body weight and height at enrollment and each follow-up time, and categorized using CDC cutoffs: underweight (<18.5), normal (18.5-24.9), overweight (25-29.9), and obese (≥30).
We first summarized baseline demographics on each study group. We performed a Chisquare test to assess whether the demographic characteristics were different across the study groups. It is possible that participants negatively impacted by vaccination withdrew from the study before the study end, and thus their lower scores in later measurements would be lost, causing a positive bias. When dropout rates are not associated with the response variable, which in this study is the physical or mental score difference from baseline, then dropout is said to be completely random. We thus tested for completely random dropout using the logistic regression method of Diggle et al. [15] .
We performed Generalized Estimating Equations (GEE) analyses to assess potential associations between SF-36 scores and study group. We performed separate analyses wherein the response variables were either physical or mental score difference from baseline. Constructing a model response variable by subtracting the baseline value from subsequent values has been discussed in depth by Fitz-maurice et al. [16] , and gives a natural interpretation to our model results for meeting this study's objectives. The main effects considered in these models included study group, dose number, study site, sex, smoking status, and age, race, and body mass index categories. We also considered interactions between dose number and each of the other covariates. The mean physical and mental score differences from baseline were modeled as linear combinations of these predictors, while the within-subject covariance structure was specified as the most general (unstructured) form.
We conducted both univariable and multivariable GEE model analyses. The univariable models were fit for each covariate individually, and the predictors considered in these models included the covariate, dose number, and an interaction between the covariate and dose number. The predictor variables considered in the multivariable models included all the covariates and interactions listed in the previous paragraph. We considered removing the dose number interactions if they were found to be non-significant. We removed age and body mass index categories and smoking status from the multivariable models if they were found to be non-significant in both the univariable and multivariable models. We used Type 3 Chi-square score tests to assess variable importance, and used Scheffe's multiple comparison method to determine which levels of significant covariates were different -since study group is the primary variable of interest, we performed Scheffe's method on it regardless of significance. Significance was assessed using a Type-I error rate of 0.05. SAS ® version 9.2 (SAS Institute, Inc., Cary, NC) was used for these analyses. We used the R statistical computing software [17] to produce the figure presented below.
Results
We analyzed SF-36v2 health survey results for a total of 1562 participants at 5 study sites. All participants completed the survey at baseline. 83% of the participants remained through the penultimate dose and 76% remained at the 42-month study time point; the attrition rate was never more than 7 percentage points different between the study groups at any of the four subsequent time points (Table 1) . We did not find dropout to be associated with physical or mental score difference from baseline (p-values = 0.27 and 0.10, respectively).
At baseline, there was little evidence of differences in demographic characteristics between the study groups. Only age category was significantly different across study groups, with a p-value of 0.04 (Table 2 ).
In the univariable models, the covariate interactions with dose number were not significant, and were thus removed from the models. Only the models controlling for age category (p < 0.005), body mass index category (p = 0.030), and smoking status (p = 0.030) produced significant covariate associations with physical score difference from baseline, while age category (p = 0.009), sex (p = 0.022), smoking status (p = 0.041), and study site (p = 0.011) were found to be associated with mental score difference from baseline. The univariable models controlling for study group did not suggest an association between study group and physical (p = 0.92) or mental (p = 0.53) score difference from baseline.
In the multivariable model where all covariates were controlled for simultaneously, all interactions with dose number were again found to be non-significant in both the physical and mental score difference from baseline models, and were thus removed from these models.
In the physical score difference from baseline multivariable model, only dose number (p = 0.003) and age category (p = 0.012) were significant. The multiple comparisons analysis on dose number revealed that the mean physical score difference from baseline at dose number 5 was significantly higher (more favorable) than those at dose numbers 7 (mean dose 5 -dose 7 score = 0.56; adjusted p = 0.009) and 8 (mean dose 5 -dose 8 score = 0.53; adjusted p = 0.021), while no other pairwise differences between dose numbers were significant; when not adjusting for multiple comparisons, only the comparison between doses 6 and 7 had a significant p-value (mean dose 6-dose 7 score = 0.34; p = 0.027, adjusted p = 0.18).
The adjusted mean physical score difference from baseline for the <30, 30-39, 40-49, and ≥50 year old age categories were, respectively, 0.27, −0.01, −0.69, and −0.85. The multiple comparisons analysis on age category revealed that the mean physical score difference from baseline of the <30 year old age category was significantly higher than the 40-49 year old age category (mean <30 year old minus 40-49 year old score = 0.96; adjusted p = 0.047), and no other pairwise differences were significant; when not adjusting for multiple comparisons, the ≥50 year old age category was significantly different than the <30 year old (mean <30 year old minus ≥50 year old score = 1.11; p = 0.006, adjusted p = 0.056) and 30-39 year old (mean 30-39 year old minus ≥50 year old score = 0.82; p = 0.038, adjusted p = 0.23) categories. Neither study group (p = 0.89) nor its interaction with dose number (p = 0.53) was significantly associated with physical score difference from baseline; the pairwise comparison of study groups having the smallest p-value, both adjusted and unadjusted for multiple comparisons, was 7IM-A vs. 8IM-P (p = 0.18, adjusted p = 0.94).
In the mental score difference from baseline multivariable model, body mass index category was not significant and thus was removed from the model, leaving the following predictors: dose number, study group, age category, race category, sex, smoking status, study site, and dose number-study group interaction. Among these, only age category (p = 0.009) and study site (p = 0.024) were significant. The adjusted mean mental score difference from baseline for the <30, 30-39, 40-49, and ≥50 year old age categories were, respectively, −1.03, −1.21, −1.22, and −2.33. The multiple comparisons analysis on age category revealed that the mean mental score difference from baseline of the ≥50 year old group was significantly lower (less favorable) than both the <30 year old group (mean <30 year old minus ≥50 year old score = 1.30; adjusted p = 0.036) and the 40-49 year old group (mean 40-49 year old minus ≥50 year old score = 1.10; adjusted p = 0.037), while no other pairwise differences were significant; when using p-values unadjusted for multiple comparisons the 30-39 year old age category's mean was more favorable than that of the ≥50 year old category (mean 30-39 year old minus ≥50 year old score = 1.11, p = 0.009, adjusted p = 0.079). The multiple comparisons analysis on study site revealed the mean mental score difference from baseline to be significantly higher for only one pair of sites (mean score difference between the sites = 1.29; adjusted p = 0.031), with no other significant pairwise differences. As with physical score difference from baseline, neither study group (p = 0.64) nor its interaction with dose number (p = 0.76) was significantly associated with mental score difference from baseline; the pairwise comparison of study groups having the smallest p-value, both adjusted and unadjusted for multiple comparisons, was 5IM-A vs. 4IM-P (p = 0.075, adjusted p = 0.79).
We illustrate the trends in physical and mental score difference from baseline over time in Fig. 1 . Since study group and dose number-study group interaction were not significant, for illustration purposes we collapsed the seven study groups into three groups: all subjects receiving AVA at the then-licensed schedule regardless of route of injection (groups 8-SQ-A and 8IM-A in Table 1 ) were collected together as the "AVA Full" group; those receiving only saline placebo (8IM-P and 8SQ-P) formed the "Placebo" group; and those receiving AVA at a reduced dosing schedule (7IM-A, 5IM-A, and 4IM-A) are the "AVA Reduced" group. Mean physical scores differences from baseline were lower at dose numbers 7 and 8 (30 and 42 months after baseline) than at dose numbers 5 and 6 (12 and 18 months after baseline) (Fig. 1a) , whereas mean mental score difference from baseline dropped more sharply at the dose number 5 survey (Fig. 1b) . The p-values given in Fig. 1 were obtained from linear contrasts of the appropriate model parameters to compare the mean of the Placebo group to the other two groups at each dose number. All p-values in Fig. 1 are large, and all 95% confidence intervals overlap, suggesting no significant change over dose number of physical or mental score difference from baseline between the three aggregated study groups.
Discussion
After 42 months of the CDC AVA Human Clinical Trial, AVA vaccine seemed to have no impact on physical or mental functional status. Overall, mean physical and mental scores decreased after baseline. However, we found no evidence that the physical or mental score difference from baseline changed differently between the seven study groups. This result held both in univariable GEE models including only study group, dose number, and dose number-study group interaction, as well as multivariable GEE models that included those predictors and controlled for age category, race category, sex, smoking status, body mass index category, and study site. In an attempt to obtain more parsimonious multivariable models, we removed age category, smoking status, and body mass index category if they were found to be non-significant; the same conclusions regarding non-significance of study group were found in both the full and reduced multivariable models.
In longitudinal studies there is a concern as to whether attrition rates are related to the response variable, in our case physical or mental score difference from baseline. Attrition, or dropout, is said to be informative if there is an association between the missing responses and the probability of dropping out of the study. We tested for this, as described above, and did not find dropout to be associated with physical or mental score difference from baseline. Since dropout could potentially be more closely related to raw scores (i.e. not difference in score from baseline), as a subanalysis we additionally tested whether dropout was associated with raw physical or mental score; no association was found (p = 0.24, 0.12 for physical and mental scores, respectively).
In an earlier report, we used repeated measurements with the SF-36v2 instrument to evaluate the long-term impact of anthrax vaccine exposure on functional impairment in AVA vaccinated and unvaccinated workers in the CDC's Laboratory Response Network [18] . That observational study found no evidence of an association between physical or mental component scores and receipt of AVA over a 30-month timeframe. However, being an observational study there were several limitations including the lack of experimental controls, no randomization, moderate loss to follow up and the timeframe was limited to 30 months. In contrast, the AVA Human Clinical Trial participants were randomized in a double-blind fashion to receive AVA or saline placebo and there was more complete follow up of participants as long as 42 months.
The SF-36v2 health survey is a widely employed clinical research tool for evaluating the possible impact of a variety of different diseases or medical treatments on individuals' selfreported functional status [11, 19] . Using the SF-36v2 health survey provides a more global evaluation compared to traditional vaccine safety studies (e.g., human clinical trials employing subject diary cards) of the potential impact of a vaccine on a recipient's health.
Our data showed that AVA Human Clinical Trial had higher physical and mental component scores at baseline than the national averages, which are 50 for both scores. Also, mean baseline scores differed slightly between participants in the three groups; in order to control this difference we analyzed change from baseline score for each participant. As in our prior report [18] , we hypothesized that a period of follow up <12 months might be insufficient to detect a significant impact on the physical and mental component scores from baseline. The AVA Human Clinical Trial enabled us to use measurements obtained 12, 18, 30, and 42 months after baseline in our analysis, which in the licensed schedule for AVA at the time of this study corresponded to an individual receiving vaccine doses numbers 5, 6, 7, and 8, respectively.
Answers given in the SF-36 questionnaire are used to compute eight summary health measures -physical functioning, role physical, bodily pain, general health, social functioning, role emotional, mental health, and vitality -which are then used to compute the overall physical and mental scores analyzed in this study. In a Millennium Cohort Study comparing concordance of self-report and electronic records of receiving AVA to the eight SF-36 summary scales, significantly lower scores for the eight scales were found for persons who self-reported having received AVA but had no electronic record of receiving AVA [20] . The scores of those whose self-report and electronic records agreed as being unvaccinated were not significantly lower (not less favorable) than either those with concordance on being vaccinated or those self-reporting being unvaccinated but having electronic records of AVA receipt. This agrees with our findings of no significant difference between overall physical and mental score difference from baseline over a 42-month period among those receiving AVA vs. those receiving placebo only.
There are some limitations which may influence the interpretation of our results. Individual participants self-identified their age category, race category, sex, and smoking status at enrollment. As with any survey, there is a certain level of subjectivity embedded in the subjects' responses.
In conclusion, the results of our analysis do not favor an association between physical or mental component scores and receipt of AVA over a 42-month timeframe. Our findings are important to the understanding of the safety profile of AVA, and support its safe use for the period we studied. Table 2 Number ( 63 (24) 75 (29) 77 (30) 72 (27) 35 (28) 40 (30) 30-39
42 (16) 57 (22) 77 (30) 65 (25) 60 (22) 29 (23) 31 (23) 40-49
91 (35) 87 (33) 54 (21) 64 (25) 90 (34) 35 (28) 38 (29) ≥50 49 (19) 55 (21) 50 (20) 52 (20) 45 (17) 28 (22) 24 (18) Race Black 47 (18) 48 (18) 49 (19) 62 (24) 59 (22) 28 (22) 31 (23) White 199 (77) 197 (75) 194 (76) 183 (71) 200 (75) 90 (71) 95 (71) Other 13 (5) 17 (6) 13 (5) 13 (5) 8 (3) 9 (7) 7 (5) Sex Female 134 (52) 135 (52) 132 (52) 131 (51) 135 (51) 64 (50) 68 (51) Male 125 (48) 127 (48) 124 (48) 127 (49) 132 (49) 63 (50) 65 (49) Smoking status Non smoker
153 (59) 163 (62) 160 (63) 158 (61) 177 (66) 84 (66) 84 ( 2 (1) 5 (2) 3 (2) 1 ( 77 (30) 86 (32) 36 (28) 36 (27) Note: There was one person with unknown smoking status in treatment group 4IM-A.
* Chi-square p-value for test of homogeneity across treatment groups: 0.04;
p-values for all other covariates were non-significant.
